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units of lcng[h.  “1’lmsc  da[a bavc n]illinwlcr ICVC1
Imcisiol] anti will bc dcsignalcd 1.1 and 1.7.. ‘1’llc
set of 1’1, 1’?, 1.1, and 1,2 d[ita rccordcd  by
tlllilltcrlll]]tc(l, continuous tracking of a
particular CiPS is rcfcrrcd (o as a “pass” of da(a.
‘l”ypically,  the lJR collccls  over 300 passes of
data a day. Since tbc 1X< continuously collects
j~ll:iscd:~(acvcrysccot~d  si!~~l~lc  aritlll]lctic  snows
lba[ over 1 million poin[s  pc.r day nlust bc
proccsscd.  ‘1’hc diffcrcnlial  span of botb the
pscudorallgc  and phase data during a pass can
bc about 8000”  km, ‘J’IIc need 10 retain better
tlIaII  millimclcr p r e c i s i o n  i n  IIIC data I1lUS
requires high prccisim ari[hmclic.

S’J’ATISTICA1  , MIcTI1O1)S & SOII’’IWARK
All  of  Ibc da[a am fil (pc.r ti]nc sc]ics, pcr

pass) will]  robust  regression sp]incs. ‘1’llc purpmc
in J)c.rformil)g  lhc s p l i n t  fits is 10 JJroducc
residuals as onc means to spot fau]ty dala-
oullicrs  0]- olbcr specific problems known 10
occur for tbc data. ‘1’hc CiDPli  provides over 20
user spc.cifiablc  parameters for controlling how
tlic splint fits arc dcmc. Among  IIIC.SC arc splint
parameters for selling (for cacb data lypc) lllc
c.onsl:i]Il  knot spaci]lg, Ihc c o n s t a n t  kt)ol
rcpctiliml  10 control Ihc (icgrc.c of derivative.
conlinuily$ all(i lhc cons(an(  dcgrc.c o f  t h e
Jwlylmmial  splints. ‘J’here arc also paramclcrs
for controlling lllc  ilcralivc]y  rcwciglllc(i  lcas(
squares algorilbm used to SOIVC for (I1c sp]i]]cs
m i n i m i z i n g  tllc IIubc.r wcigl]ling  Crilc.riol]
(1 ]ubcr 198 1). Bivariatc (iiscriminal~l  analysis is
performed will) robusl  covariancc  m alriccs
c.alcu]atc(i  wi!h h4cdian Absolu Ic IJcvia[ion
(MAII) based variances an~i covarianccs  using
tllc i(icntity

COV(X,Y) : (VAi<(X+ Y)- VAR(X-Y)) / 4.
‘J’llcsc  algorilbms arc imp]cmcnlcd in ];orlran  in
the GIJI’1: which is run in a batch mode.

Capaililily  f o r  inlcractivc  alla]ysis of IIlc
auloma[cd editor’s results is built cm lop of lIIC
S-1’1,11S soflwarc  (Stalislical  Scicnccs,  II)c.
1992). This version of lhc S language (Bcckcr,
Cl~anlbcis, all(i  Wilks 1988)  provides a J;otllan
inlcrPdc.c for running sutmutincs  of the data
cxiitor with convcnicni  access 10 all argumc.n[s
an(i mulls,  graphical capabilities (X-win(iows
an(i poslscripl),  an(i a  ficxiblc pmgrammil]g
cm’ironmcnt  used to perform special analyses
an(i prololyping of a lgor i thms for  IWrlrall
illl]~lclllctllatioll.

1)1 IASIL I) A’I’A (_ X)lM1llNA”l’IONS
}iigurc  2? simvs  plots of mc pass of  pbasc

(iala in tiIc linear combinations tbal arc usually
fornlc(i  by G1’S dala analys ts .  ‘1’hc lop p]ol
slmws !hc linear combination of phase data oficn

dcsign[itcd 1X: (: 1.1 + 1.54(1 ,1-1,2)). “1’his is the
only con~binalion of the phase data which is
used by tbc orbit determination par[ of tbc
Gil l ’1’  as  Ibc duai frcqucncics  arc for
ionospheric calibration purjmscs  (10 bc made
more clear soon).  Since the diffcrcnlial  span of
tbc 1.C is typically tbousmis of kilomc[crs wbilc
pbasc, Jmblcms arc oflcn sub-meter in ICVCI,
])]01S o f  l,C SC](iOIll reveal any problems
(iisccrlliblc  by IIIC unai(icci  eye. “1’bc bot(om plot
of Iiigurc 2 shows tbc ionospher ic  Cm)bination
1.1-1,2. ‘1’his  linear combination is domina[cd  by
immJ~bcric effects and is of a scale as 10 allow
onc to sometimes scc dircc(ly the ICVCI of Ihc
l}oisc  in l}IC (iata. ‘1’here arc some noticeable
“discmtinuitics”  in the 1.1-1,2 plot of l’igurc 2..
‘1’bcy arc manifcs!ations  of what arc known as
cycle slips- IIIC main problcm Ihc GPS data
cxiitors  must con[cnd will), 1( bas turnc(i  out that
lhc “1’opcx-G1’S  Rcccivcr  rarely has cycle slips,
so the data for l;igurc 2. is not clmscn as a
wnrcscnla[ivc  samt>]c  but ralhcr as onc of lhc
fc’w (bat (iocs have ibc cycle slip problcm.
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F IC5UFIE 2: A F’ASS OF- PHASE  DATA wiltl  CYCLE SLIPS

‘J’] I]c~y(q,]Cs].I1’1’1/0111  ml
As illustrated in l’igurc 2 tbc cycle stip

problcm rcsul[s it] dismntinuitics  in tbc p h a s e
(ia[a. ‘J’bc si~cs o f  Itlc discon[inuilics a r c
mulliplcs of a tlalf-intcgcl-  wbcn the data arc in
unils of cycles in lllc original 1.1 and 1,2 (not in
lI)c 1 C al]d 1,1-1.2 ccm~binalicms).

‘1’bc (iata  cdiling sofiwarc  tackles tbc cycle
slip problcm by forming tbc divi~icd  [iiffcrcnccs
of the data in time Il]crcby converting the
(iisconlinuilics into out]icrs. ‘1’bcn r o b u s t
rcgrcssiml sl)lincs  arc .  fil 10 tbc ralc(l .(:) an(i
ralc(l.1 -1 .2) (0 pro(iucc  rcsi(iuals  by which cycle
slips arc idcllli~icd.  Scc l;igurc 3 for time series
plots of tbc ra(cs of Illc pbasc. Tbc bottom plot
of l;igurc 3 overlays Ihc splint fil on the. da[a
Values.
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FIGURE 3: RATE of PHASE DATA  and SPLIN[  Fll

1( is highly dcsirab]c 10 fix the cycle slips if
possible. “1’hc clala  cxtiling  soflwarc  fixes cycle
slips by using tw’o-clil~~cllsiol~al  discriminant
analysis 10 resolve how many half- intcgc.rs  wm
jumped. l’igurc  4 shows a plot of the residuals
flom spl int  f i ts  to the (iala of I’igurc  3 in a
scatlcr-p]ot along  wi th  con tours  o f  equa l
p robab i l i t y  cc.lltcrcct  al half- in(cgcr  IOcatio]]s.
N o t e  that Ihc residuals in ratc(l .(:) and ratc(l.1 -
1 .?) bavc b e e n  transfcmncd to uni t s  of cydcs i n
1.1 and 1.2. As usual in discrimil]an[  analysis lIIC
conlours arc based upon C1aussian  assumptions
but using robust  covariancc estimation as
in(tic:ilcct  earlier. ‘J’hc cycle slip identification
al:oriltlm procccds  b y  first dclcrmining  Ihc
c.yclc slip ccntcr to which a point is closcsl.  ‘Ihcn
il decks  thal a poinl is within s o m e  u s e r
spc,cificd acceptance region to bound the
probability of misclassification. If a poilll  cannot
bc classified with very low probability of error
(as spccificd by Ihc user), [hen Ihc cycle slip is
simply marked as the beginning of a ncw pass.
in this case all tbc cycle slips were pmpcrly
idcntific(i  and Ihc fixed 1,1-1.2 combination is
slmwn in I;igurc  5.
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S’1’AI’lS’I’lCS  I“RONI ‘J’IIK RI)I’J’OR
‘1’hc data cdi[or calculates a)]d saves over 30

s[atislics for every pass of data it SLICCCSSfLllly
prowsscs. ‘1’hcsc  statistics provide a mcal)s  of
monitoring ttlc c(iitor’s  performance and of
mcmi[oring lhc rccc.ivcr’s  ac~ivilics; u n u s u a l
statistics could signal thal processing is invalid or
ttlal some unanticipa(c(i  problc. m s l i p p e d
through the editor. Ail examination of these
s[atis[ics for each of (I)c 3(K) plus passe.s pcr day
is lhc main way Ihc editor’s performance is
validated before the edited data arc passed cm to
additional prwccssing.  Of course, grapl]ical
rcprcscntation  of these statistics greatly aids in
Undcrslanding  l:or cacb day of data processing
the editor aulomaticalty  produces over IO
postscript files of grapt]ics  (most with mulliplc
plots) of these slalis[ics.  ]:igurc  1 is a simplified
version of onc of these daily graphical
summ:irics.

As another cxan~pJc,  l;igurc  6 shows a
sCallClpJOl  of the MADs of alJ lhc passes of
residuals from lhc sJ>lillc  fits to 1.C and IJ1-l.2
phase combin:il  ions for 31 May 1993. A Jmint
wi[h cxtrcmc s(a[is[ics  appears in this plot arid
signals ll~al the pass should bc inspcc[cd for
scmc type of fi~ilurc  in the cdi[ing, “1’hc 1.1-1.2
combination for that J>ass is pJotlcd in l;igurc 7.
lior a GJ’S (iala ana]ys[  this JJ]ot rcvca]s sonic
obvious Jmb]cms with the. data lliat had nol
been anticipated when designing the editor. ‘1’bc
aJ>Jm)J~rialc  aclion  for this J]ass is to dclclc alJ of
the data and dctcminc whether i[ is ihc rcccivcr
or lI}c transmillcr  which is al Pdult.  As i[ turlmd
o u t ,  (11% 31 w a s  cxJ>cricncing  bardwarc
prob]cms on thal  day.
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